Abstract. This paper presents the results of creep tests of Laminated Veneer Lumber Sengon (LVL Sengon) beams, aiming to determine the creep factor and to establish the prediction beam deflection based on the initial creep test data. The LVL Sengon beams have a cross section of 40 mm by 80 mm and a clear span length of 2,000 mm, they were loaded at midspan for three different stress levels: 30%, 40%, and 50% of the ultimate load within 30, 60, and 90 days. Each loading level consists of four repetitive beams where one beam was wrapped with a plastic sheet. The test results showed that for 90 days the bending creep test can not determine the secondary creep yet. Curve fitting of bending creep test data indicated that the parameters of the Modified Burger creep model of the first 30 days can be accurately used to predict the beam deflection curve up to 60 and 90 days of loading.
Introduction
Creep is one factor that must be considered in the design of a building structure. Creep is a deflection or deformation of structures due to permanent loading over time. Creep can cause serviceability problems due to excessive deformation or to a reduction in strength [1] . The total deformation during the service life of a building must be limited. Therefore, understanding creep behaviour of material and structure will allow one to predict the behaviour of a building during its service life [2, 3] , including buildings using wood and wood based (wood engineered) materials [4] .
Sengon (Paraserianthes falcataria) laminated veneer lumber (LVL Sengon) is an engineered wood material that is recently developed as a structural component in Indonesia and is manufactured by laminating veneers obtained from Sengon timber [5] . Sengon is a fast-growing timber that can replace solid wood. Each veneer has a thickness from 2.5 to MATEC Web of Conferences 195, 02028 (2018) https://doi.org/10.1051/matecconf/201819502028 ICRMCE 2018 3.2 mm and plies parallel to length using melamine urea formaldehyde (UF) adhesive under 0.6-0.7 MPa pressure.
Similar with other wood structural materials, the utilization of LVL Sengon needs engineering properties and mechanical tests in the short-term or long-term. Compared to solid Sengon, LVL Sengon has some improvements on engineering properties, as shown in Table 1 . This study aims to examine the bending creep of LVL Sengon through rheological (mechanical) and phenomenological models. The rheological model is based on a mathematical function to best fit experimental bending creep data, and the phenomenological model is based on constants obtained from experimental bending creep data that represents spring and dashpot model. Prediction of long term creep of LVL Sengon is calculated based on short term experiment bending creep data.
Hunt stated that the result of creep experiments is generally divided into two parts: a primary or short-term part and a secondary or long-term part. A plot of creep result against the logarithmic of time showed that after primary creep occurred in one or two days, it follows a straight line represented as secondary creep [6] . However, there is a lack of information about the long-term behaviour of material or structure components under a constant loading.
Bending creep experiment
Creep experiments has been done on LVL Sengon beams for 3 (three) months in a temperature-and humidity-controlled room 
Creep model of LVL sengon
LVL Sengon is assumed to be a viscoelastic material. A viscoelastic material exhibits elasticity under rapid loading, then its strain increases slowly and continuously. Viscoelasticity combines elasticity and viscosity (viscous flow) [7] . Elastic materials can be represented by a Hookean spring and the force-deformation response is independent of time, while the dashpot represents viscous materials and can describe time-dependent behaviour. The creep model of viscoelastic materials can be arranged in spring and dashpot in various combinations [8] .
The Maxwell creep model combines a spring and a dashpot joined in series and the Kelvin creep model consists of a spring and a dashpot in parallel arrangement. The Burger or four-element creep model [7] is represented by inserting the Kelvin creep model between a spring and a dashpot of the Maxwell creep model, as shown in Fig. 3 . The mathematical form of the Burger model is given in Eq. (1). In other words, Eq. (1) shows that the first term of the right-hand side represents the instantaneous deformation, the second term describes the delayed elasticity, and the third term describes the plastic flow component. [9] 
Modification of burger creep model
Dinwoodie [8, 10] states that any further models of creep tests are demanded to be able to predict long-term performance from short-term data. For timber and the various board materials, the third term in the right-hand side of the Burger creep model needs to be modified to a non-linear form by powering the variable t with the viscous modification factor 5 β . So, Eq. (1) yields to become Eq. (2). 
Result and discussion
Bending creep test of LVL Sengon beams have been conducted for three months at each stress level. The temperature and relative humidity (RH) of the room test were continuously monitored, and deflection of the beams at mid span was recorded. The wrapped LVL Sengon beam in each load level of bending creep test was expected to exhibit the influence of change in water content in rate of creep.
The creep deflection data of LVL Sengon beams for each load level are plotted and can be seen in Fig. 4.   Fig. 4 . Plotting of bending creep LVL sengon test Fig. 3 showed that the primary creep occurred in the first 30.5-56 days of the bending creep test. At each stress level, the bending creep of LVL Sengon has the same pattern, which in secondary creep, the creep data tends to be linear or has a constant creep rate.
By using the Toolbox Solver program available in Microsoft Excel, the parameters in Eq. (1) and (2) that represent the Burger and Modified Burger creep model are determined, and plotted to bending creep data, as be shown in Fig. 5, 6 and 7, and the correlation coefficient (r square, 2 r ) can be calculated. Table 2, Table 3, and Table 4 show the parameters and the correlation coefficient of the curve fitting the Burger and Modified Burger models for load levels of 30%, 40%, and 50%, respectively. The modified Burger model has a correlation coefficient value above 0.9. However, the primary or secondary creep cannot be determined yet because for 90 days the bending creep test deflection of beam still tend to rise and asymptote was not yet reached. Table 2 shows the correlation coefficient of fitting the curve data for each beam and load level. This paper discusses the prediction of the bending creep of LVL Sengon beam from 1-month data by using the Modified Burger model. Its coefficients or parameters will be used to predict 2-and 3-month bending creep. Results will be correlated with experiment bending creep data. Plotting bending creep data of beam 1, 2, 3, and the wrapped beam, as in Fig. 8, 9 ,10, and 11, respectively, showed that the Modified Burger model is good enough to predict 2-and 3-months bending creep from 1-month bending creep data. 
Conclusion
This paper's study performed the prediction of three-months creep of LVL Sengon beam based on analysis of one-month bending creep data using the Burger and Modified Burger model. Curve fitting data showed that: 1. The Modified Burger model can be used to predict bending creep of LVL Sengon beam. 2. A longer bending creep testing is required to obtain a more satisfactory result on bending creep of LVL Sengon. 
